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-Claim—. 
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—Claim—. 
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Please delete 
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—Claim—. 
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-Claim--. 
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—Claim— 
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DESCRIPTION 
Coriolis mass flow meter 

FIELD OF THE INVENTION 
5 This invention relates generally to a Coriolis mass flow meter, and more particular}}^ 

to a Coriolis mass flow meter of a type using two parallel flow tubes and a layout of coils and 
magnets thereof. 

RACKGROUND ART 

10 A mass flow meter (Coriolis mass flow meter) based on the operating principle that 

when a flow tube through which a fluid being measured flows is supported at an end or both 
ends thereof, and is caused to vibrate at the fulcrums in a direction vertical to the direction of 
flow of the fluid in the flow tube, a Coriolis force acting on the flow tube is proportional to the 
mass flow of the fluid is well known. The Coriohs mass flow meter can be roughly divided 

15 into two types; a curved-tube type and a straight- tube type. 

The straight-tube Coriolis mass flow meter, when caused to vibrate in a direction 
vertical to the axis of the straight tube at the central part of the straight tube supported at 
both ends thereof, detects mass flow as a displacement difference of the straight tube caused 
by a Coriolis force between the supporting parts and a central part of the straight tube, that 

20 is, as a phase difference signal. Despite its simple, compact and sturdy construction, the 
straight-tube Coi'iolis mass flow meter cannot accomplish high detection sensitivity. 

The curved-tube Coriolis mass flow meter, on the other hand, can detect mass flow 
with high sensitivity since it can select the optimum shape for making effective use of Coriolis 
forces. In addition, a construction of the curved-tube Coriolis mass flow meter in which two 

25 parallel curved tubes through which a fluid being measured flows 



are provided to effectively drive the curved-tubes is also well known. 

Fig. 10 is a schematic diagram of a conventional type of two parallel curved-tube 
Coriolis mass flow meter, as mentioned above. As shown in the figure, flow tubes 1 and 2 
comprise two parallel curved tubes (U-shaped tubes), and are caused to resonate with each 
5 other in an opposite phase by a drive unit 15 comprising a coil and a magnet, disposed at the 
central part of the flow tubes 1 and 2. A pair of vibration sensors 16 and 17, each comprising 
a coil and a magnet, are disposed at symmetrical positions with respect to the mounting 
position of the drive unit 15 to detect a phase difference proportional to Coriolis forces. A 
fluid being measured flows from an external flow tube connected via a flange 18 on the inlet 

10 side into a tubular meter body 34, and is diverted 90 degrees by a deflector plate 35, and 

divided equally to the two flow tubes 1 and 2. The divided flows are then joined at the outlet 
side of the flow tubes 1 and 2, diverted 90 degrees by a deflector plate 36, and discharged to 
an external flow tube connected via a flange 19 on the outlet side. By causing the fluid being 
measured to flow equally in the two flow tubes 1 and 2, as described above, the natural 

15 frequencies of the two flow tubes 1 and 2 can be maintained equal despite differences in the 
type of the fluid or in temperature, This allows the flow tubes to be driven efficiently and 
stably. Thus, a Coriolis mass flow meter that is not affected by external vibration and 
temperature can be accomplished. 

However, this conventional type of Coriolis mass flow meter using two parallel curved 

20 flow tubes has not been perfect in isolating external vibration. 

As shown in the figure, base plates 27 and 28 are provided on the two flow tubes 1 and 
2, serving as the first fulcrum of vibration, while the joint parts between the two flow tubes 1 
and 2 and the meter body 34 act as the second fulcrum of vibration of the flow tubes; both 
constituting an important basis for the vibration of the entire tubes. In the conventional type 

25 of Coriolis mass flow meter, however, the second fulcrum has not been perfectly isolated from 
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vibration transmitted from the outside. As a result, external vibration transmitted from the 
meter structures, casing, etc. has had adverse effects on the performance of the Coriolis mass 
flow meter. 

Furthermore, since this type of Coriolis mass flow meter using flow tubes comprising 
5 two parallel curved tubes has in its construction a branching part on the inlet side of the fluid 
being measured and a confluence part on the outlet side, pressure loss or fluid clogging is apt 
to occur. This is particularly true when a highly viscous fluid or a perishable and easy-to-clog 
fluid, such as food, is involved. 

Furthermore, this type of Coriolis mass flow meter is required to be of a low-cost and 
10 sturdy construction so that it is sufficiently reliable even in case of damage to flow tubes. The 
conventional type of Coriolis mass flow meter, however, has been short of the requirement. 

The conventional t3rpe of Coriolis mass flow meter has not been designed taking into 
account the effects of higher- order vibration modes that are intrinsic to vibrating flow tubes. 

A drive unit 15 for driving the flow tubes 1 and 2 comprising two parallel curved tubes 
15 at the central part thereof normally comprises a coil and a magnet. The coil of the drive unit 
is installed on any one of the two flow tubes 1 and 2, and the magnet thereof is on the other 
flow tube so that the two flow tubes 1 and 2 are caused to resonate at an opposite phase with 
each other. A pair of vibration sensors 16 and 17, each comprising a coil and a magnet, are 
disposed at symmetrical positions with respect to the mounting position of the drive unit 15 
20 to detect a phase difference proportional to a Coriolis force. The coils and magnets of these 
sensors are also provided in such a manner that the coil is disposed on any one of the flow 
tubes, and the magnet on the other flow tube via fixtures. 

In these drive unit 15 and the vibration sensors 16 and 17, only the coils require 
wiring, and the magnets require no wiring. As a result, the wiring has been provided only on 
25 the surface of the flow tube having the coil in the conventional type of Coriolis mass flow 
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meter. The conventional type of Coriolis mass flow meter, however, has not necessarily taken 
into consideration the effects of the wiring on the vibration of the flow tube: the coils of the 
drive unit 15 and the vibration sensors 16 and 17 have been concentrated on any one flow 
tube. As a result, this causes the effects of the mass and tension of the wiring to be 
5 concentrated on only the flow tube on which the coil is installed, disturbing the balance of the 
two flow tubes and resulting in adverse effects on the performance of the Coriolis mass flow 
meter. 

This invention is intended to overcome the problems of the Coriolis mass flow meter of 
a type using two parallel curved tubes. It is an object of this invention to provide a high- 
10 precision Coriolis mass flow meter that ensures high vibration stability by isolating vibration 
transmitted from the outside to the vibraLion tulcruins. 

It is another object of this invention to reduce the effects of higher-order vibration 
modes of the flow tubes. 

It is a further object of this invention to provide a Coriolis mass flow meter of such a 
15 construction that vibration is hard to be transmitted via an inlet passage, and to 

substantially reduce pressure loss at the branching part at the fluid inlet and at the 
confluence part at the fluid outlet. 

It is a further object of this invention to provide a Coriolis mass flow meter of a low* 
cost, mechanically strong and reliable construction, and to accomplish high accuracy by 
20 improving the vibration balance between the two flow tubes. 

It is a further object of this invention to provide a thin-wailed pressure-resistant case 
that can withstand very high pressures by forming the pressure-resistant case integrally with 
the meter body and rounding all corners of the case. 

It is still a further object of this invention to reduce the adverse effects on the 
25 performance of the CorioUs mass flow meter by dispersing the coils of the drive unit and a 
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pair of sensors to the two flow tubes, while distributing the effects of the wiring so as to 
maintain the balance between the two flow tubes. 

DISCLOSURE OF THE INVENTION 

5 The Coriolis mass flow meter of this invention has two flow tubes 1 and 2 comprising 

two parallel curved tubes. A drive unit 15 drives the flow tubes to cause any one flow tube to 
resonate with the other flow tube in an opposite phase with each other, while a pair of 
vibrntiuu rtotmorrt lOniul 17 Mt'tMlifittnmMl j»t ny mmiipI rtciil iMHutinnfi witit r(.sM[MMjt to tln^ 
mounting position of the drive unit 15 to detect a phase difference proportional to a CorioUs 

10 force. An inlet-side manifold 24 divides a fluid being measured into the two flow tubes 1 and 
2, whereas an outlet-side manifold 25 joins the fluid flows in the two flow tubes 1 and 2 to 
discharge from the fluid outlet. In this type of Coriolis mass flow meter, inlet-side and Outlet- 
side manifolds are connected mechanically to a meter body 30 only at the inlet side of the 
inlet-side manifold 24 and at the outlet side of the outlet-side manifold 25, respectively. With 

15 this arrangement, the effects of vibration transmitted from the meter body 30 and all 

structures connected thereto can be reduced at connecting ends between the inlet-side and 
outlet-side manifolds 24 and 25 and the flow tubes 1 and 2. In this way, this invention can 
provide a high-precision CorioHs mass flow meter having high vibration stability by isolating 
the connecting parts between the flow tubes and the meter body that act as vibration 

20 fulcrums from vibration transmitted from the outside. 

According to this invention, the fluid passages on the inlet-side and outlet-side 
manifolds 24 and 25 are smoothly diverted while describing circular arcs from the inlet and 
outlet, respectively, and the total cross-sectional areas of the fluid passages are continuously 
changed. This effectively prevents pressure loss or fluid clogging at the fluid branching or 

25 confluence parts. 
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This invention can provide inlet-side and outlet-side manifolds 24, 25 having no 
particular natural frequencies so as to prevent disturbing vibration from being amplified or 
vibration from being transmitted by forming the manifolds into curved blocs, while 
continuously increasing the shape thereof. 
5 This invention can provide a high-precision flow meter having such a construction 

that can withstand bending and twisting and keep the vibration of the tubes from being 
affected by external stresses by providing a meter body 30 having a U-shaped cross section 
for holding connecting ports at both ends and the entire flow meter, and constructing the 
inoi,or body into n 1>()X rouMtriU'tton by (ltMp(t;uiiK n h}\:\r plnlv on lop of nuH.cr body vvithoul, 

10 interfering the vibration fulcrums. 

This invention can provide a pressure -re sis la at coriLainor that is reliable even in case 
of damage to a tube by imparting a very high pressure resistance even with thin walls by 
integrally fitting an inverted U-shaped case 31 to the meter body 30 of a U-shaped cross 
section and has a circular-arc outer periphery, with rounded corners. 

15 This invention can prevent inertial moment caused by vibration inertial force from 

being generated by disposing a drive unit 15 and a pair of vibration sensors 16, 17 between 
the two flow tubes and aligning them with the central axes of the tubes. 

This invention can perfectly maintain the symmetry of vibration beams without being 
affected by the secondary vibration mode, and isolate external vibration almost completely by 

20 disposing a pair of vibration sensors 16, 17 at the nodes of the secondary vibration mode at 
the proximal parts at the inlet and outlet sides. 

This invention can obtain very stable vibration and very high accuracy without being 
affected by external vibration by providing the wiring to the drive unit 15 and a pair of the 
vibration sensors 16,17 using flexible printed circuit boards 12, 13 bent symmetrically from 

25 both sides of the flow tubes, and making additional mass and additional stress symmetrical. 
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A drive unit coil 3 is installed on a flow tube 1, and a drive unit magnet 6 is the other 
flow tube 2, whereas vibration sensor magnets 7 and 8 are installed on a flow tube 1 on which 
the drive unit coil 3 is installed, and vibration sensor coils 4 and 5 are installed on the other 
flow tube 2, In this way, coils of the drive unit and the vibration sensors are dispersed on the 
5 two flow tubes, distributing the effects of the wiring so as to maintain the balance between 
the two flow tubes and to reduce the adverse effects on the performance of the Coriolis mass 
flow meter. 

The Coriolis mass flow meter of this invention has a support post 10 facing at the end 
thereof the drive unit 15 provided at the central part of the flow tubes and having wires for 

10 electrical connection passed therein. The end surface of the support post 10 is connected to 
the drive unit coil 3 via a first flexible printed circuit board 12, while the vibration sensor 
coils 4 and 5 are connected to the wiring (Teflon wire 14) provided on the surfaces of the flow 
tubes via a second flexible printed circuit board 13 so that the wiring is deflected at the 
central part of the flow tubes in an almost symmetrical position with respect to the vibration 

15 center of each flow tube. In this way, the effects of the flexible printed circuit boards on the 
flow tubes can be minimized and equalized by making the rigidity and shape of flexible 
printed circuit boards for the wiring extending from the flow tubes toward the support post 
almost the same and dividing the flexible printed circuit boards to the two flow tubes to 
disperse the effects of the flexible printed circuit boards on the flow tubes and make the width 

20 of the flexible printed circuit boards narrower. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating a first example of Coriolis mass flow meter to which 
this invention is applied. It is a front view of a Coriolis mass flow meter having two parallel 
25 curved tubes installed on a vertical plane. 
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Fig.2 is a cross-sectional view of the Coriolis mass flow meter shown in Fig. 1. 
Fig- 3 is a cross-sectional view of the Coriolis mass flow meter shown in Fig. 1 
Fig. 4 is a diagram illustrating a second example of Coriolis mass flow meter to which 
this invention is applied, viewed from the front, with flow tubes comprising two parallel 
5 curved tubes mounted on the vertical plane 

Fig. 5 is a diagram viewed from the top of the Coriolis mass flow meter shown in Fi^. 

4 

Fig. 6 is a cross-sectional view of the Coriolis mass flow meter shown in Fig. 4 
Fig. 7 is a diagram illustrating the details of parts A and B of Fig. 5 
10 Fig.8 is a diagram illustrating the details of part C of Fig. 6 

Fig. 9 is a diagram taken in the direction of the arrows substantially along the line D- 
D of Fig. 8 

Fig. 10 is a schematic diagram of a conventional two parallel curved tube type of a 
prior art Coriolis mass flow meter. 
15 Fig. 11 is a diagram of assistance in explaining the reduced effects of the secondary 

vibration mode using a straight-tube vibration beam as a model. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Although this invention can be applied equally to Coriolis mass flow meters of all 
20 types using two parallel flow tubes, a Coriolis mass flow meter of a gate type will be 

specifically described in the following as a typical example of the two parallel curved tube 
type. 

Figs. 1 through 3 are diagrams illustrating a first example of Coriolis mass flow meter 
to which this invention is applied, where flow tubes comprising of two parallel curved tubes 
25 are installed on a vertical plane. Fig. 1 is a partially cross-sectional front view of a CorioUs 
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mass flow meter. Fig. 2 is a partially cross-sectional top view of the Coriolis mass flow meter 
installed on a vertical plane (shown in Fig. 1). Fig. 3 is a cross-sectional side view of the 
Coriolis mass flow meter shown in Fig. 1. 

Flow tubes 1 and 2 of the Coriolis mass flow meter shown in the figures are two 
5 inverted U-shaped tubes formed into substantially the same shape, with both ends thereof 
connected to manifolds 24 and 25, which will be described in detail later as one of 
characteristics of this invention. Tt is assumorl that a Hiiid hoiiip: luoasurod enters into the 
tubes from the left side of Fig. 1 and flows out of the tubes toward the right side. That is, the 
fluid entering from an external flow tube connected via a flange 18 is divided equally at the 
10 inlet-side manifold 24 to the two flow tubes 1 and 2. The divided flows are joined together at 
the manifold 25 on the outlet side of the flow tubes 1 and 2, and discharged into an external 
flow tube connected via a flange 19. 

A meter body 30 holding connecting ports at both ends and the entire flow meter has a 
U-shaped cross section, as shown in Fig. 1 or Fig. 3 which is a cross-sectional side view, and 
15 a base plate 26 is fitted in such a manner to cover the top opening of the meter body 30, 

excluding the areas occupied by the manifolds 24 and 25. That is, the meter body 30 having a 
U-shaped cross section is formed into a box shape, together with the base plate 26. 

In the vicinity of both ends of the flow tubes 1 and 2 provided are base plates 27 and 
28 serving as nodes when the flow tubes are driven like a tuning fork. The base plates 27 and 
20 28 are fixedly fitted to the flow tubes 1 and 2 so as to maintain the flow tubes 1 and 2 in 
parallel with each other. 

As described earlier with reference to the prior art, the points at which the base plates 
27 and 28 are fixedly fitted to the flow tubes 1 and 2 serve as the first fulcrums of vibration, 
while the top connecting ends of the manifolds 24 and 25 serve as the second fulcrums. In the 
25 present embodiment of this invention, the second fulcrums of vibration are isolated from the 
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meter body 30, and the base plate 26, the pressure-resistant case 31 and all other structures 
connected to the meter body 30. The meter body 30 is mechanically connected to the 
manifolds 24 and 25 only at the inlet side and the outlet side, respectively. To form the 
second vibration fulcrums, it is necessary to connect the two flow tubes together. This can be 
achieved not only by using base plates as in the case of the first vibration fulcrums, but by 
using monolithic blocks of manifolds, as in the present embodiment. 

As described above, this invention, which has such a construction that the existence of 
the second vibration fulcrums reduces the effects of vibration transmitted from the outside, 
can achieve high vibration stability and a high-precision Coriolis mass flow meter. 
Furthermore, the box construction consisting of the meter body having a U-shaped cross 
section and the base plate 26 can withstand bending and twisting. 

Since the pressure-resistant case 31 of an inverted U-shaped cross section is integrally 
fitted to the meter body 30 of a U-shaped cross section, the outer periphery of the entire 
assembly forms a circular arc shape, with all corners rounded, maintaining very high 
pressure resistance even with thin walls. Should a flow tube be damaged, the fl.uid inside the 
tube never flows out of the pressure-resistant case. 

As described above, the fluid being measured passes through the flange 18 at the inlet 
passage, and is divided equally to the two flow tubes 1 and 2 through the inlet-side manifold 
24. The divided fluid flows are then joined together at the manifold 25. At this time, the 
fluid path of the manifold 24 shown as an embodiment of this invention is smoothly diverted 
90 degrees, describing a circular arc, from the inlet (the part connected to the flange 18) (see 
Fig. 1), and led to the part connected to the flow tubes 1 and 2. the fluid entering from one 
inlet passage is divided into two flow paths in the two flow tubes 1 and 2 (see Fig. 3), The 
total cross-sectional area of the flow paths is continuously reduced to the cross-sectional area 
of the flow tubes. This substantially reduces pressure loss. The total cross-sectional area of 
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now tubes is usually designed to he approximately 0.7 - 0.8 ofllic cros.s-sectional area ofllic 
external flow tube because the fluid tends to flow in the flow tubes at a higher flow rate than 
in the external flow tube, resulting in increased Coriolis forces. 

The manifold 24 having such a flow path can be designed in such a manner that it has 
no particular natural frequency by continuously increasing its shape and forming it into a 
curved bloc. When designed into such a construction, the manifold 24 can prevent disturbing 
vibration from being amplified and vibration from being transmitted. 

Although detailed description about the manifold 25 on the outlet side is omitted 
because the manifold 25 is provided at a symmetrical position with respect to the manifold 24 
and in substantially the same size and shape as the manifold 24, the flow paths from the two 
flow tubes 1 and 2 are joined together at the manifold 25 while the total cross-sectional area 
thereof is continuously increased, leading to the outlet passage. 

The drive unit 15 usually comprises a magnet and a coil, and drives the flow tubes 
comprising two parallel curved tubes at the center thereof to cause them to resonate with 
each other in an opposite phase. A pair of vibration sensors 16 and 17 each comprise a 
magnet and a coil, and are disposed at symmetrical positions with respect to the mounting 
position of the drive unit 15 to detect a phase difference proportional to a Coriolis force. The 
drive unit 15 and the vibration sensors 16 and 17 shown in the figure are each disposed 
between the axes of the flow tubes 1 and 2. In other words, the drive unit 15 and a pair of the 
vibration sensors 16 and 17, when the two flow tubes are viewed in such a direction as to 
overlap each other, are disposed between the two flow tubes and aligned with each other on a 
line connecting the center axes of the flow tubes. This arrangement allows driving force to 
act on a line connecting the center axes of the two flow tubes, and allows a Coriolis force 
resulting from the driving force to be detected, free from inertial moment caused by vibration 
inertial force. 



In the embodiment shown in the figures, a pair of the vibration sensors 16 and 17 are 
disposed at the nodes of the secondary vibration mode at the proximal parts of the inlet and 
outlet sides that act as vibration beams. Fig. 11 is a schematic diagram of assistance in 
e.xplaining the reduced effect of the secondary vibration mode, using a ytraight-tube vibration 
beam as a model. That is, each of the proximal parts at the inlet and outlet sides of the 
aforementioned two flow tubes 1 and 2 is expressed by a straight- tube vibration beam (four 
beams in total), as shown in Fig, 11 (A). In the figure, the first vibration fulcrum represents 
the points at which the base plates 27 and 28 are fixedly fitted to the flow tubes 1 and 2, 
while the second vibration fulcrum represents the top connecting ends between the flow tubes 
1 and 2 and the manifolds 24 and 25. It is assumed that a predetermined weight is connected 
to the tip of the straight- tube vibration beam,. This weight corresponds to the mass of the 
apexes connecting the proximal parts of the two flow tubes (including the mass of the fluid 
flowing in the tubes) and the mass of the drive unit (Dr). 

On the straight-tube vibration beam, higher-order vibration modes always exist, in 
addition to the primary fundamental vibration mode used in measurement with the Coriolis 
mass flow meter shown in Fig. 11 (B). Of high-order vibration modes, the secondary 
vibration mode having a natural frequency close to that of the primary vibration mode could 
have the largest effect, as shown in Fig. 11 (C), When a sensor (shown by P/0 in Fig. 11 (A)) 
is disposed on the node of the secondary vibration mode, the sensor is not affected by the 
secondary vibration mode. The position corresponding to the node of the secondary vibration 
mode is determined by the weights of the apex, the drive unit, and the sensor; when the 
distance from the first fulcrum to the apex is assumed to be L, th*e position corresponding to 
the node is within a range of 0.65L - 0.85L from the first fulcrum. 

Since the wiring from the drive unit 15 and a pair of the vibration sensors 16 and 17 
to the outside is provided by flexible printed circuit boards 12 and 13 bent symmetrically from 
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both the How tuhos 1 and 2 facing oacli oUuir alon^ Uu^ ccnU^v axos of (Ju; How tubes (right- 
side and left-side center lines in Fig. 3), the mass added to the vibrating flow tubes 1 and 2, 
and the stress (added stress) acting from the outside on the vibrating flow tubes 1 and 2 are 
made perfectly symmetricaL This helps achieve high vibration stability and make the mass 
flow motor Ions SLusceptiblo to the effects of vibration from the outside. As a result, a mass 
flow meter with extremely high accuracy can be obtained. 

In the figure, numeral 10 refers to a support post for the wiring to the drive unit 15 
and a pair of the vibration sensors 16 and 17 and the wiring to the temperature sensor. The 
support post 10 is supported by the base plate 26 and passes through the meter body 30. 
The wiring to the drive unit 15 and a pair of the vibration sensors 16 and 17 is drawn over 
the surfaces of the flow tubes 1 and 2 to the top end of the support post 10 via the flexible 
printed circuit boards 12 and 13, passed through the inside of the support post 10, and 
connected to a terminal box 9 provided outside the Coriolis mass flow meter, or directly to an 
electrical control circuit. The wiring to temperature sensors which are usually provided in 
multitude is drawn to the outside through the support post 10. When drawing the wiring out 
of the meter, a pressure-resistant wire bushing made of a plastics molding provided inside 
the support post 10 seals the wire outlet to shield the inside space from the outside, in 
conjunction with the aforementioned pressure-resistant case 31. 

Figs. 4 through 9 are diagrams illustrating an example of CorioHs mass flow meter to 
which this invention is applied. Fig. 4 is a front view of a Coriohs mass flow meter, with two 
parallel curved tubes installed on the vertical plane. Fig. 5 is a top view of the Coriolis mass 
flow meter shown in Fig. 4; the details of parts A and B thereof shown in Fig. 7. Fig. 6 is a 
cross-sectional view of the Coriolis mass flow meter shown in Fig. 4 by cutting at the center 
thereof; part C thereof shown in Fig. 8. Fig. 9 is a fragmentary view taken in the direction of 
the arrows substantially along the line D-D of Fig. 8. 
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The Coriolis mass flow meter shown in the figures is of a normal construction, except 
the layout and wiring of coils and magnets of the drive unit 15 and a pair of the vibration 
sensors 16 and 17, which are characteristics of the invention. The flow tubes 1 and 2 are 
curved tubes of the same gate shape; both ends thereof connected to a manifold (not shown) 
so as to form fluid passages. In the vicinity of both ends of the flow tubes 1 and 2 provided 
are base plates 27, 28 for forming nodes when the flow tubes 1 and 2 are caused to resonate 
with each other like a tuning fork, and the flow tubes 1 and 2 are fixedly fitted to maintain in 
parallel with each other. 

The fluid being measured is passed through the flange 18, divided equally to the two 
flow tubes 1 and 2 at the inlet side, and joined together at the outlet side of the flow tubes 1 
and 2. The drive unit 15 drives the flow tubes 1 and 2 comprising two parallel curved tubes 
at the central part thereof to cause the tubes 1 and 2 to resonate with each other at an 
opposite phase. A pair of vibration sensors 16 and 17 are disposed at symmetrical positions 
with respect to the mounting position of the drive unit 15 to detect a phase difference 
proportional to Coriolis force. 

Although the present invention is not different from a prior art in that each of the 
drive unit 15 and the vibration sensors 16 and 17 comprises coils and magnets, the Coriolis 
mass flow meter shown in Figs. 4 through 9 is characterized by the layout and wiring of them. 
In the figures, numeral 10 refers to a support post for the wiring leading to the drive unit 15 
and the vibration sensors 16 and 17, and the wiring to a temperature sensor, 20 to the wiring 
to the temperature sensor. The support post 10 is supported by a base 38 in such a manner 
as to face the drive unit 15, and passes through the meter body 37. Coils of the drive unit 15 
and a pair of the vibration sensors 16 and 17 can of course be distributed to the two flow 
tubes, and at the same time, the effects of wiring can be dispersed without using the support 
post 10 by providing the wiring over the surfaces of the flow tubes toward the inlet and outlet 
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sides of the flow tubes. But the use of the support post 10 can disperse the effects of wiring 
more positively. 

As shown in Fig. 7 illustrating the details of part A of Fig, 5, or Fig. 8 illustrating the 
details of part C of Fig. 6, the coil 3 of the drive unit 15 is fitted to a flow tube 1, and the 
5 magnet 6 thereof to the other flow tube 2 via fixtures. The wiring to the drive unit coil 3 is 
connected to the outside of the Coriolis mass flow meter via a flexible printed circuit board 12 
soldered at a soldering part 22 and the wiring inside the support post 10. The flexible printed 
circuit board itself used in this invention is publicly known, such as a flexible printed circuit 
board made of a copper foil sandwiched by polyimide films, having a predetermined width, as 
10 shown in Fig. 9. 

A pair of the vibration sensors 16 and 17 are such that a vibration sensor magnet 7 is 
fitted to a flow tube 1 and a vibration sensor coil 4 to the other flow tube 2 via fixtures, as 
shown in Fig. 7 illustrating the details of part B of Fig. 5. That is, the vibration sensor 
magnet 7 is fitted to the one flow tube 1 to which the aforementioned drive unit coil 3 is fitted, 
15 and the vibration sensor coil 4 is fitted to the other flow tube 2 to which the drive unit magnet 
6 is fitted. 

The wiring to the vibration sensor coils 4 and 5 is achieved by providing a Teflon wire 
14 (a copper wire or foil covered with Teflon) soldered at the soldering part 21 and laid over 
the surface of the flow tube 2, as shown in Fig. 7 illustrating the details of part B of Fig. 5. 

20 The Teflon wire 14 extends over the surface of the flow tube 2 from the vibration sensor coils 
4 and 5 provided on the flow tubes at symmetrical positions with respect to the mounting 
position of the drive unit 15 toward the support post 10, and the right and left Teflon wires 14 
are connected to the flexible printed circuit board 13 at the central part (Fig. 8) and to the 
outside of the Coriolis mass flow meter via the wiring inside the support post 10. As shown in 

25 Figs. 8 and 9, the flexible printed circuit board 13 has the same rigidity and shape as the 
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flexible printed circuit board 12 for the wiring to the drive unit coil 3 to form a pair, and is 
formed almost symmetrically so as to minimize and equalize the effects of mass, etc. on the 
flow tubes 1 and 2. In Fig. 9 showing the top end of the support post 10, the flexible printed 
circuit board 13 on the left side is for the wiring to the drive unit coil 3, and the flexible 
5 printed circuit board 13 on the right side is for the wiring to the vibration sensor coils 4 and 5. 
In addition, terminals for wiring to the temperature sensor through the support post 10 are 
also shown in the figure. 



INDUSTRIAL APPLICABILITY 
10 As described above, this invention can provide a high-precision Coriolis mass flow 

meter of a type using two parallel flow tubes having high vibration stability 
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CLAIMS 

1. A Coriolis mass flow meter comprising two parallel curved flow tubes, an inlet-side 
manifold branching jfrom an inlet of a fluid being measured to said two flow tubes, an outlet- 
side manifold for joining fluid flows flowing in said two flow tubes to discharge from a fluid 
outlet, a drive unit for causing any one of said flow tubes to resonate with the other flow tube 
in an opposite phase with each other, and a pair of vibration sensors, disposed at symmetrical 
positions with respect to the mounting position of said drive unit, for sensing a phase 
difference proportional to Coriolis force, characterized in that 

a meter body holds connecting ports at both ends and the entire flow meter, and 
said meter body is mechanically connected to said inlet-side and outlet-side 
manifolds only at the inlet-side of said inlet-side manifold and at the outlet side of said outlet- 
side manifold, respectively, so that the joint parts between said inlet-side and outlet-side 
manifolds and said flow tubes that serve as vibration fulcrums, can be isolated from said 
meter body and all structures connected there to . 

2. A Coriolis mass flow meter as set forth in Claim 1 wherein a flow path of said inlet- 
side manifold is smoothly curved from the inlet thereof, branching into two flow tubes while 
continuously reducing the total cross- sectional area of flow paths of said two flow tubes; and 
flow paths of said outlet-side manifold are smoothly curved from the joint parts thereof with 
said flow tubes, joining said flow paths while continuously increasing the total cross-sectional 
area of said flow paths, and leading to a fluid outlet. 

3. A Coriolis mass flow meter as set forth in Claim 2 wherein said inlet-side and 
outlet-side manifolds are formed into curved blocks whose cross-sectional areas continuously 
increase toward said joint parts with said flow tubes from said fluid inlet or said fluid outlet. 
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4. A Coriolis mass flow meter as set forth in any of Claims 1 wherein said meter body 
has a U-shaped cross section and a box construction having at the upper part thereof a base 
plate to prevent said meter body from interfering with said vibration fulcrums. 

5 

5. A Coriolis mass flow meter as set forth in any of Claims 4 wherein said meter body 
has a U-shaped case having a circular arc-shaped outer circumferential shape and integrally 
connected thereto. 

10 6. A Coriolis mass flow meter as set forth in any of Claims 1 wherein said drive unit 

and said vibration sensors are disposed between said two flow tubes in such a manner as to 
be aligned with the central axes of said two flow tubes. 

7. A Coriolis mass flow meter as set forth in any of Claims 1 wherein said drive unit is 
15 electrically connected to said vibration sensors at the center axis on the inlet and outlet sides 
of said flow tubes, using flexible printed circuit boards bent symmetrically from both sides of 
said two flow tubes, in such a manner that masses and stresses added to said two flow tubes 
are symmetricaL 

20 8. A Coriolis mass flow meter as set forth in any of Claims 1 wherein said vibration 

sensors are disposed at nodes of the secondary vibration mode at the proximal parts each on 
the inlet and outlet sides that serve as vibration beams. 

9 . A Coriolis mass flow meter comprising two parallel flow tubes of a curved tube 
25 type, a drive unit disposed at the central part of said flow tubes for causing any one of said 
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flow tubes to resonate with the other tube in a phase opposite to each other, and a pair of 
vibration sensors disposed at symmetrical positions with respect to the mounting position of 
said drive unit for sensing a phase difference proportional to Coriolis force; said drive unit 
and a pair of said vibration sensors each being formed by a coil and a magnet, characterized 
in that 

said drive unit coil is fitted to any one of said flow tubes and said drive unit magnet is 
fitted to the other flow tube, and 

magnets of said vibration sensors are fitted to any one of said flow tubes and coils of 
said vibration sensors are fitted to the other flow tube. 

10. A Coriolis mass flow meter as set forth in Claim 9 wherein a support post facing at 
the end thereof said drive unit provided at the central part of said flow tubes and having 
wires for electrical connection passed therein is provided; a first flexible printed circuit board 
extending from the end surface of said support post to the one flow tube is connected to said 
drive unit coil, and a second flexible printed circuit board extending from the end surface of 
said support post to the other flow tube is connected to wires extended from coils of said 
vibration sensors along the surface of said flow tubes in such a manner that said flexible 
printed circuit boards are bent at the central part of said flow tubes almost symmetrically 
with respect to the vibration center of each flow tube. 
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ABSTRACT 

The Coriolis mass flow meter of this invention comprises two parallel curved flow tubes 
1 and 2, a drive unit 15, and a pair of vibration sensors 16 and 17. An inlet-side manifold 24 
dividing the flow of a fluid being measured into the two flow tubes 1 and 2 from the inlet 
5 thereof, and an outlet-side manifold 25 joining the fluid flows flowing in the two flow tubes 1 
and 2 to discharge from the fluid outlet thereof are mechanically connected to a meter body 
30 only at the inlet side of the inlet-side manifold 24 and at the outlet side of the outlet-side 
manifold 25, respectively. With this arrangement, the effects of vibration transmitted from 
the meter body 30 and all structures connected thereto can be reduced at the joint parts 
10 between the inlet-side and outlet-side manifolds 24 and 25 that serve as vibration fulcrums. 
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